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Garlic (Allium sativum L.) is among the most important vegetable crops used in diet because 
of its sensory properties and positive health effects. Local producers in Istria (Croatia) have 
preserved old garlic ecotypes primarily for domestic consumption. Such ecotypes are adapted 
to specific agro-ecological conditions of Istria and their biochemical properties have not been 
investigated yet. The aim of this study is to determine the diversity of Istrian garlic ecotypes 
based on their biochemical profile for further selection of ecotypes with higher biological 
value in breeding programs. Garlic bulbs were collected from nine locations in Istria and 
analyzed after two months by chromatographic and spectrometric techniques. Volatiles diallyl 
sulfide, methyl allyl disulfide, diallyl disulfide, methyl allyl trisulfide, and diallyltrisulfide 
showed less variability among ecotypes, while total phenolics ranged from 28.5 to 69.5 mg 
gallic acid equivalents/100 g fresh weight. Two ecotypes and a cultivar abundant in phenolics 
also showed high antioxidant capacity measured by FRAP or DPPH assays. Several ecotypes 
stood out with higher dry matter content indicating their potential for longer storage. It was 
assumed that the determined variability in composition could be partly attributed to different 
genotypes and growing conditions.  This research can contribute to the preservation of garlic 
biodiversity in Istria as well as to the establishment of a garlic breeding program.
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Introduction
Garlic (Allium sativum L.) is the world second most cultivated 
Allium species and is used as a food condiment for its beneficial 
health effects (Kamenetsky et al., 2005; Lanzotti, 2006). Fritsch 
and Friesen (2002) have classified Allium sativum L. into the 
Longicuspis, Subtropical and Ophioscorodon groups which mainly 
differ in bolting habit and topset size. However, Allium longicuspis 
is considered as the closest garlic relative based on recent 
molecular studies (Pooler and Simon, 1993; Volk et al., 2004; Ipek 
et al., 2015). Garlic originated in Central Asia from where it has 
spread worldwide and today is mostly cultivated in subtropical and 
temperate climates (Fritsch and Friesen, 2002). Garlic production 
in Croatia amounts around 26 thousand tons in 2019 (Croatian 
Buerau of Statistics, 2021).
Allium species are rich in organosulfur compounds and contain 
four cysteine sulfoxides, among which alliin is the most abundant 
in garlic and gives to it its characteristic flavor (Block, 2005). 
After the disruption of garlic bulb tissue, the enzyme alliinase 
transforms alliin into allicin which quickly decomposes into diallyl 
disulfide and other volatile compounds (Block, 1985; Block, 2005). 
Organosulfur compounds are usually associated with antibiotic 
and anticarcinogenic properties in humans and with insecticidal 
and repellent activity within plant defense mechanisms (Block, 
2005). Phenolics are powerful antioxidants that protect against 
oxidative stress by scavenging free radicals (Lachowicz et al., 2016) 
and play an important role in sensory attributes of plant-derived 
food (Tomás-Barberán and Espin, 2001). Sulfur volatiles and 
phenolics are garlic secondary metabolites and their biosynthesis 
is usually associated with ecotype or genotype in conjunction with 
growth conditions (Isah et al., 2019).
Despite garlic vegetative propagation, its content of 
phytochemicals was found to be a variable parameter (Bravo, 
2009; Martins et al., 2016). Garlic landraces and ecotypes are an 
important source of diversity (Baghalian et al., 2006; Shaaf et al., 
2014). The assessment of available garlic diversity is important for 
breeding programs (Barboza et al., 2020). 
Various garlic ecotypes are grown on small farms on the Istrian 
peninsula and are cultivated using traditional cultivation practices 
in specific agro-ecological conditions. Garlic ecotypes from Istria 
were recently characterized by Prekalj et al. (2019) and variability 
in bulb color, shape and other investigated morphological traits 
were found. However, Istrian garlic ecotypes have not yet been 
investigated for their phytochemical content. The aim of this 
research is to assess the diversity of Istrian garlic ecotypes based 
on specific sulfur volatile compounds, total phenol content (TPC), 
antioxidative capacity (AOC) and dry matter content (DM). This 
research also aims to contribute to the selection of ecotypes with 
superior nutritional value.
Material and Methods
Plant Material and Sampling
Eleven garlic ecotypes and two cultivars were collected from 
nine locations on the Istrian peninsula and were given accession 
numbers: Lindar (IPT 337, IPT 338), Rovinj (IPT 340), Pićan (IPT 
341), Tinjan (IPT 342), Gračišće (IPT 343, IPT 344), Beram (IPT 
345), Kaligarići (IPT 346, IPT 347) and Vižintini (IPT 348, IPT 
349). The local names are listed in Table 1. ’Istarski crveni’ cv. is 
listed in the List of varieties of the Republic of Croatia and has been 
maintained at the Institute of Agriculture and Tourism, Poreč, 
Croatia (N 45°13'20.30", E 13°36'6.49"). Cultivar 'Music' has been 
introduced and grown for several years at Lindar location. The 
accession IPT 337 was the initial material for cv. ’Istarski crveni’ 
and is considered the most similar to cv. ’Istarski crveni’. In total, 
ten cloves, each from a different bulb, were sampled for TPC and 
AOC analyses, and cloves from two additional bulbs were sampled 
for the analysis of garlic volatiles two months after harvest.










IPT346 Istarski crveni without scape
IPT347 Istarski crveni with scape
IPT348 Istarski crveni without scape
IPT349 Istarski crveni with scape
Cultivars
cv. 'Istarski crveni' cv. 'Istarski crveni'
cv. 'Music' cv. 'Music'
Determination of Organosulfur Volatile Compounds
Extraction, analysis and identification of volatile compounds 
were carried out according to the method from Bažon et al. 
(2020). Garlic volatile compounds were isolated using headspace 
solid-phase microextraction (HS-SPME). Representative cloves of 
uniform garlic bulbs were peeled, crushed and homogenized and 
0.3 grams were placed into a 10 mL glass vial containing a stirring 
bar. Four mL of distillated water were added before sealing with a 
PTFE/silicone septum. The headspace in the vial was equilibrated 
at 40°C for 5 minutes, and the extraction was carried out at 40°C 
for 5 minutes with stirring at 800 rpm. The headspace was sampled 
using a 1 cm divinylbenzene/carboxen/polydimethylsiloxane 
(DVB/CAR/PDMS) 50/30 μmHS-SPME fibre, purchased from 
Supelco (Bellefonte, PA, USA).
Analysis of volatile compounds was carried out using a gas 
chromatograph with a flame ionization detector (GC-FID; 
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model 3350, Varian Inc., Harbour City, CA, USA). The GC oven 
temperature started from 40°C to 245°C at 6°C/min and was kept 
for 10 min at this temperature. Volatile compounds were desorbed 
by inserting the SPME fibre into the GC injection port for 10 
min in splitless mode. The column Rtx-WAX 60 m × 0.25 mm 
i.d. × 0.25 μmdf (Restek, Belafonte, PA, USA) was used. Injector 
and detector temperatures were 245°C and 248°C, respectively. 
Helium was used as carrier gas at 17.5 psi at the column head, 
while detector gases were hydrogen and air. Blank runs were 
injected before sample analysis.
The identification of volatile aroma compounds was performed 
by comparing the retention times with those of the standards 
allyl mercaptane (≥90%), allyl sulfide (≥97%), allyl disulfide 
(80%), and by comparing their linear retention indices relative to 
n-alkanes with those reported in literature. Volatile compounds 
were additionally identified by comparison of their mass spectra 
to those from the NIST05 mass spectral library after GC-MS 
analysis using a Varian 3900 GC coupled to a Varian Saturn 2100T 
mass spectrometer (Varian Inc., Harbour City, CA, USA), with 
the same column and analysis parameters as previously described. 
The amounts were presented as peak area counts obtained by GC-
FID analysis.
Extraction of Soluble Bioactive Compounds 
The extraction, measurement of total phenolic content and 
determination of antioxidant capacity was carried out according 
to Major et al. (2018). Bioactive compounds were extracted by 
ultrasound-assisted extraction (UAE) in 80% methanol. The 
samples were sonicated, left to extract at room temperature and 
then centrifuged. The solution was filtered with a nylon filter (0.45 
µm) prior to analysis.
Measurement of Total Phenolic Content
Folin-Ciocalteu assay (Singleton and Rossi, 1965) was used to 
evaluate the total phenolic content (TPC). Samples were mixed 
with Folin–Ciocalteu reagent and 6% sodium carbonate. The 
absorbance was measured after 60 minutes at 750 nm on a UV/
Vis spectrophotometer (Model UV-1800, Shimadzu Corporation, 
Kyoto, Japan). TPC was expressed as mg of gallic acid equivalents 
per gram sample in fresh weight (mg GAEQ/g FW).
Determination of Total Antioxidant Capacity 
Total antioxidant capacity was evaluated by Ferric Reducing 
Antioxidant Power (FRAP) (Benzie and Strain, 1996) and by the 
scavenging ability of the 2,2-diphenyl-1-picrylhydrazyl (DPPH) 
radical (Brand-Williams, Cuvelier, and Berset, 1995) using a 
spectrophotometer (Model UV-1800, Shimadzu Corporation, 
Kyoto, Japan). FRAP antioxidant capacity was obtained by mixing 
the sample with FRAP reagent. The absorbance was measured 
at 593 nm after 4 minutes of reaction time and the results were 
expressed as mmol of Fe2+ equivalents per g sample in fresh weight 
(mmol Fe2+EQ g-1 FW). DPPH radical scavenging activity was 
determined by mixing the sample with 0.1 mM DPPH radical. 
After 30 minutes, the absorbance was measured at 517 nm. The 
results were expressed as mmol of Trolox equivalents per g sample 
in fresh weight (mmol TEQ/FW).
Dry Matter Content
For the determination of dry matter content (DM) five grams 
of peeled garlic were dried in a forced oven (Memmert UF 160, 
Büchenbach Germany) at 105°C until constant weight.
Statistical Analysis
Data were processed by analysis of variance (ANOVA), 
with Tukey´s HSD as a post-hoc test using Statistica v. 13.4 
software (Tibco, Palo Alto, California) for volatile compounds, 
TPC, FRAP, DPPH and DM. Dendrograms were constructed in 
PAST software (Hammer et al., 2001) using the unweighted pair 
group method with arithmetic mean (UPGMA) algorithm and 
Euclidean similarity index, with bootstrapping, N = 5000. Pearson 
correlation coefficient was calculated for TPC, AOC and DM in 
Statistica v. 13.4.
Results
Bioactive Compounds Variability in Garlic Accessions on 
the Istrian Peninsula
Twelve garlic accessions were collected from eight different 
locations for the assessment of the variability of their bioactive 
compounds content. Mean values and standard errors for volatile 
compounds, TPC, AOC and DM are shown in Table 2 and Table 3. 
Significant difference in the content of all the analyzed compounds 
was found among the investigated accessions except for DADS 
(Table 2).
Volatile compounds from Istrian garlic ecotypes extracted 
by HS-SPME and identified by GC-FID and GC-MS were diallyl 
sulfide (DAS), methyl allyl disulfide (MADS), diallyl disulfide 
(DADS), methyl allyl trisulfide (MATS), and diallyl trisulfide 
(DATS). Cultivar ‘Istarski crveni’ was not significantly different 
from IPT 340 and IPT 342 in DAS content and from IPT 343, 
IPT 347 and IPT 348 in MADS content. Cultivar 'Music' had a 
significantly higher mean value of DATS (2.74 ± 0.08) comparing 
to other investigated ecotypes. The results for MATS ranged from 
0.40 ± 0.08 in IPT 346 to 3.12 ± 0.10 in cv. 'Music'. DADS had the 
highest peak area compared to the other compounds in all the 
samples.
Accessions IPT 338 and IPT 340 had the highest AOC 
measured by the FRAP assay (94.5 ± 9.51 and 87.4 ± 3.89, 
respectively) compared to all the other tested accessions. The 
highest FRAP value of 94.5 ± 9.51 found in IPT 338 was almost 
three times higher than its lowest value of 32.9 ± 0.5 found in 
IPT 349. The accession IPT 340 was not significantly different with 
respect to DPPH value from IPT 338, IPT 341, IPT 343, IPT 344 
and cv. 'Music'. The accessions IPT 338, IPT 340, IPT 341, IPT 343 
and cv. 'Music' did not differ in the TPC content. The TPC varied 
~2.5 folds among the tested ecotypes with a range from 28.6 ± 2.21 
mg GAEQ/g FW in cv. ‘Istarski crveni’ to 70.0 ± 2.13mg GAEQ/g 
FW in cv. 'Music'. Mean value of DM content found in this study 
ranged from 33.5% in IPT 340 to 41.8% in cv. 'Music', with only 
the cultivar 'Music' and the accession IPT 346 having DM content 
above 40%. 
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Table 2. The content of volatiles in garlic cv. 'Istarski crveni', cv. 'Music' and accessions IPT 337 – IPT 349
Accession DAS MADS DADS MATS DATS
peak area x 104
IPT337 8.23 ± 0.28 bca 28.5 ± 0.03 bcd 893 ± 57.08 2.1 ± 0.12 abc 1.24 ± 0.03 b
IPT338 6.14 ± 1.27 c 21 ± 2.48 cd 862 ± 4.19 2.86 ± 0.17 ab 1.31 ± 0.17 b
IPT340 11.1 ± 1.58 ab 22.7 ± 3.31 cd 1495 ± 39.38 0.75 ± 0.04 c 1.60 ± 0.38 b
IPT341 8.38 ± 1.61 bc 23.3 ± 6.92 cd 1016 ± 251. 03 1.86 ± 1.01 abc 0.85 ± 0.09 b
IPT342 11.2 ± 0.49 ab 23.3 ± 0.10 cd 1045 ± 82.08 0.76 ± 0.20 c 1.30 ± 0.28 b
IPT343 8.74 ± 0.32 bc 40.8 ± 2.14 ab 1319 ± 23.62 1.71 ± 0.22 abc 1.41 ± 0.16 b
IPT344 8.18 ± 1.11 bc 17.4 ± 0.28 d 1066 ± 78.10 0.82 ± 0.12 c 1.44 ± 0.12 b
IPT345 7.47 ± 0.33 bc 22.4 ± 1.90 cd 1141 ±127.1 0.78 ± 0.02 c 1.35 ± 0.04 b
IPT346 7.56 ± 0.84 bc 15.1 ± 0.28 d 1121 ± 177.67 0.40 ± 0.08 c 1.08 ± 0.14 b
IPT347 8.03 ± 0.35 bc 40.1 ± 0.43 ab 1128 ± 114.14 1.29 ± 0.35 bc 1.09 ± 0.16 b
IPT348 7.68 ± 0.13 bc 31.9 ± 0.98 abc 1231 ± 3.15 1.02 ± 0.01 c 1.48 ± 0.09 b
IPT349 9.00 ± 0.78 bc 20.6 ± 0.07 cd 1095 ± 108.85 0.62 ± 0.06 c 1.3 ± 0.19 b
cv. 'Istarski crveni' 15.5 ± 0.25 a 44.9 ± 1.23 a 999 ± 87.40 1.29 ± 0.08 bc 0.9 ± 0.02 b
cv. 'Music' 7.2 ± 0.32 bc 23.3 ± 3.01cd 998 ± 29.32 3.12 + 0.10 a 2.74 ± 0.08 a
(Abbreviations: DAS- diallyl sulfide, MADS - methyl allyl disulfide, DADS - diallyl disulfide, MATS methyl allyl trisulfide, DATS diallyl trisulfide)
a Different letter within a column denotes significant difference by Tukey’s HSD test at P ≤ 0.05
Table 3. The total phenol content, antioxidant capacity and dry matter content in garlic cv. 'Istarski crveni', cv. 'Music' and accessions IPT 337 – 
IPT 349
Accession TPC FRAP DPPH DM 
EQ GAL (mg g-1 FW) EQ FeSO4 (mmol g-1 FW) EQ TX (mmol g-1 FW) (%)
IPT337 39.0 ± 1.48 efga 51.0 ± 1.25 bc 74.2 ± 1.81 bcde 37.8 ± 0.17 de
IPT338 69.5 ± 2.72 ab 94.5 ± 9.51 a 86.4 ± 3.64 ab 37.4 ± 0.14 def
IPT340 61.7 ± 3.63 ab 87.4 ± 3.89 a 89.8 ± 1.12 a 33.5 ± 0.16 j
IPT341 59.6 ± 1.0 abc 42.4 ± 3.54 bcd 80.8 ± 4.94 abcd 35.5 ± 0.30 i
IPT342 47.8 ± 1.90 de 49.0 ± 3.58 bcd 70.2 ± 1.93 cde 39.2 ± 0.24 bc
IPT343 63.2 ± 2.39 ab 50.2 ± 1.74 bcd 74.6 ± 4.93 abcde 35.9 ± 0.22 hi
IPT344 58.9 ± 2.16 bc 46.6 ± 2.67 bcd 77.8 ± 2.08 abcde 37.0 ± 0.03 efg
IPT345 41.7 ± 3.07 def 43.9 ± 0.43 bcd 68.6 ± 2.35 de 39.2 ± 0.21 c
IPT346 41.3 ± 3.02 def 48.1 ± 1.05 bcd 67.8 ± 1.13 def 40.3 ± 0.20 b
IPT347 39.2 ± 0.37 ef 39.1 ± 1.43 cd 70.8 ± 1.76 cde 35.4 ± 0.29 i
IPT348 49.9 ± 1.86 cd 35.4 ± 1.03 cd 65.6 ± 0.85 ef 38.2 ± 0.11 cd
IPT349 35.4 ± 1.32 fg 32.9 ± 0.50 d 66.0 ± 1.40 def 36.6 ± 0.32 fgh
cv. 'Istarski crveni' 28.6 ± 2.21 g 45.4 ± 3.63 bcd 52.6 ± 4.79 f 36.1 ± 0.20 ghi
cv. 'Music' 70.0 ± 2.13 a 59.0 ± 3.05 b 84.8 ± 3.07 abc 41.8 ± 0.23 a
(Abbreviations: TPC- total phenol content, FRAP - Ferric Reducing Antioxidant Power, DPPH –radical scavenging, DM - dry matter)
aDifferent letter within a column denotes significant difference by Tukey’s HSD test at p ≤ 0.05
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Figure 1. Cluster analysis of garlic cultivars and accessions based on the content of DAS, MADS, DADS, MATS and DATS. Unweighted pair 
group method with arithmetic mean (UPGMA) algorythm with Euclidean similarity index, with bootstrapping, N = 5000 (abbreviations: DAS 
– diallyl sulfide, MADS – methyl allyl disulfide, DADS – diallyl disulfide, MATS – methyl allyl trisulfide, DATS – diallyl trisulfide)
Cluster Analysis
Cluster analysis was carried out based on UPGMA and two 
cluster tree diagrams were plotted. The first was based on the 
content of garlic volatiles, while the second was based on the 
values of TPC, FRAP, DPPH and DM (Fig. 1 and Fig. 2).
According to the cluster analysis based on volatile compounds, 
twelve accessions and cultivars were clustered into two main 
groups (Fig. 1). The first group included only the commercial 
cultivar 'Music' and the second group included cv. 'Istarski crveni' 
and all the other investigated accessions.
Figure 2. Cluster analysis of garlic cultivars and accessions based on TPC, FRAP, DPPH and DM. Unweighted pair group method with arith-
metic mean (UPGMA) algorythm with Euclidean similarity index, with bootstrapping, N = 5000 (abbreviations: TPC – total phenol content, 
FRAP – Ferric Reducing Antioxidant Power, DPPH – radical scavenging, DM – dry matter)
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The second group was divided into two subgroups (Fig. 1). The 
first subgroup contained cv. 'Istarski crveni' and eleven accessions, 
IPT 347, IPT 348, IPT 343, IPT 337, IPT 338, IPT 346, IPT 344, 
IPT 349, IPT 345, IPT 342 and IPT 341, while the second subgroup 
consisted only of IPT 340. The volatile profile of cv. 'Music' was 
different from all the other accessions, whereas accession IPT 
340 was the most distinguished among ecotypes from Istria with 
respect to the volatiles content. 'Music' had high values of MATS 
and DATS and lower values of DAS and DADS, contrary to IPT 
340, which had low values of MADS and DATS and higher values 
of DAS and DADS. In the first subgroup, IPT 345 and IPT 349 
were the most similar accessions based on the volatile content. 
High similarity with respect to the volatiles content was found 
between cv. 'Istarski crveni' and IPT 347, IPT 348 and IPT 343, and 
between IPT 337 and IPT 338. Cultivar 'Istarski crveni' and IPT 
337, which were considered the most similar, were not grouped 
close by cluster analysis. 
Cluster analysis based on the content of phenolics, AOC 
and DM clustered accessions into two main groups (Fig. 2). The 
first group included the accessions IPT 338 and IPT 340, while 
the second group contained cv. 'Istarski crveni', cv. 'Music' and 
all the other accessions. The ecotypes from the first group stood 
out with higher AOC and TPC than those from the second 
group. Accessions from the second group were divided into two 
subgroups. The first subgroup contained cv. 'Istarski crveni' and ten 
accessions: IPT 349, IPT 347, IPT 348, IPT 337, IPT 346, IPT 345, 
IPT 342, IPT 344, IPT 343 and IPT 341. Cultivar 'Istarski crveni' 
and IPT 337, grown at different locations, were clustered into the 
first subgroup. Among the accessions from the first subgroup, IPT 
342 and IPT 345 were the most similar, while notable similarities 
were observed between IPT 343 and IPT 344, as well as between 
IPT 347 and IPT 349. The second subgroup included only the 
cultivar 'Music' which was different from all the other accessions, 
probably due to high TPC and DM content found. 
Discussion
The twelve garlic accessions grown on the Istrian peninsula 
were evaluated for the content of volatiles, TPC, AOC and DM to 
determine the extent of bioactive compounds variation. 
Five volatile compounds were detected using HS-SPME 
in combination with GC-FID and GC-MS, namely DAS, 
MADS, DADS, MATS and DATS, among which DADS had the 
highest peak area. Based on the review from Abe et al. (2020), 
volatile compounds detected in our study may be classified as 
monosulfides, such as DAS, disulfides, such as MADS and DADS, 
and polysulfides, such as MATS and DATS. The volatile DADS had 
the highest peak area also in the study of Galoburda et al. (2013), 
where garlic cultivars originating from Latvia and France were 
studied. DADS was also the major compound in Allium roseum 
L. where its amount, along with that of MADS, was influenced 
by sulfur fertilization (Imen et al., 2013). The volatiles DAS, 
MADS, DADS, MATS and DATS were also detected in accessions 
originating from Greece (Avgeri et al., 2020). In our study, the 
concentration of TPC ranged from 28.6 ± 2.21 to 70.0 ± 2.13 mg 
GAEQ/g FW, which was a larger variation than that found by 
Chen et al. (2013), who investigated 43 garlic cultivars and found 
concentrations varying from 17.16 to 42.53 mg GAE/g FW. Our 
results are also in agreement with those of Beato et al. (2011) who 
found a notable variation in TPC among the investigated garlic 
cultivars collected from different parts of Spain. FRAP and DPPH 
values measured in this study were higher than those found by 
Major et al. (2018) for local shallot accessions.
Garlic secondary metabolites, sulfur volatiles and phenolics, 
along with AOC and DM, were used for the assessment of the 
variability in garlic phytochemical composition previously (Beato 
et al., 2011; Chen et al., 2013; Galoburda et al., 2013, Barboza 
et al., 2020). Factors such as genotype, cultivation practices 
and environmental conditions could influence the diversity 
of constituents of garlic plants grown at different locations, 
particularly organosulfur content (Kamenetsky et al., 2005), 
phenolic composition (Tomás-Barberán and Espin, 2001) and 
morphological parameters (Polyzos et al., 2019). It was found 
previously that cultivars may differ regarding their sulfur uptake 
and its metabolism (Randle and Lancester, 2002), and that 
environmental factors can influence the quality of garlic flavor due 
to their impact on its secondary metabolism during plant growth 
(Kamenetsky et al., 2005). Different expression of phenolics in 
plants is probably due to variable activity of the phenylalanine 
ammonia lyase (PAL) enzyme, responsible for phenolic 
biosynthesis (Beato et al., 2011; Tomás-Barberán and Espin, 
2001). It depends on the expression of PAL gene which could 
be induced by different environmental stress conditions (Beato 
et al., 2011; Tomás-Barberán and Espin, 2001). The variability 
found in biochemical profiles among the accessions analyzed 
in this study could be probably ascribed to those factors. Two 
accessions that were supposed to be the same variety grown under 
different locations, cv. ‘Istarski crveni’ and IPT 337, were similar 
in morphological traits according to the results from Prekalj et al. 
(2019), which, however, was not in line with our results for their 
biochemical content (Fig. 1 and Fig. 2). Accession IPT 347 was the 
most similar to cv. ‘Istarski crveni’, IPT 348 to IPT 343 and IPT 
345 was the most similar to IPT 349 (Fig. 1), belonging to a group 
which was given a local name istarski crveni or red – type garlic. 
Another two accessions very similar with respect to their volatiles 
content, IPT 337 and IPT 338, locally named istarski crveni and 
istarski bijeli (white-type garlic), were collected from the same 
growing location. Among the investigated Istrian accessions, IPT 
340 was the most distinguished and had low values of MADS and 
DATS, and higher values of DAS and DADS compared to other 
accessions.
The grouping based on TPC, AOC and DM was different from 
that based on the content of volatile compounds. Accessions IPT 
343 and IPT 344, which were grown at the same location but 
were named differently as istarski crveni and istarski bijeli, showed 
similarity in the content of TPC, AOC and DM, and were clustered 
together by cluster analysis. Accessions IPT 347 and IPT 349, both 
named istarski crveni by local farmers, which were geographically 
very close, were also very similar with respect to morphological 
parameters (Prekalj et al., 2019). The only two accessions clustered 
in the first group, IPT 338 and IPT 340, with different local names 
istarski bijeli and istarski crveni, were not geographically close 
and were not highly similar, probably due to differences in DM 
content.
All the accessions including cultivar 'Istarski crveni' had 
different volatile profile, TPC, AOC and DM with respect to the 
commercial variety 'Music'.
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Garlic is rich in phenolics which strongly contribute to its 
antioxidant capacity regardless of the particular phenolic profile 
(Beretta et al., 2017). Antioxidative capacity, often related to the 
phenolic content, is commonly evaluated by at least two methods 
to reflect garlic antioxidant system more accurately (Prior et al., 
2005; Chen et al., 2013). A significant positive correlation was 
found between TPC and DPPH (r=0.734, p<0.001) and TPC and 
FRAP (r=0.569, p<0.05), respectively. Such significant positive 
correlation between TPC and DPPH or FRAP was also found by 
Chen et al. (2013) and Avgeri et al. (2020).
The content of DM in garlic is important for processing, 
especially for dehydration, since it enables longer shelf-life and 
it is usually associated with flavor intensity (Sance et al., 2008, 
Barboza et al., 2020). Rosen and Tong (2001) found that scape 
removal had significant impact on DM content, which was higher 
when the scape was not removed. Based on the results from Nabi 
et al. (2013) different storage conditions and curing methods 
significantly influenced the DM content and showed that cold 
storage and drying with leaves gave higher percentage of DM in 
onion. Dry matter content of bulbs decreased with increasing level 
of irrigation in the research from Biswas et al. (2010). It can be 
noted that 'Music' and IPT 346 had DM content higher than 40% 
and were considered more suitable for dehydration and longer 
shelf life compared to the other accessions. Different cultivation 
practices were probably applied on different locations, which 
could have contributed to the observed difference in total DM 
between the accessions and cultivars analyzed in this study.
There is a high interest for preservation and evaluation of 
local ecotypes due to their adaptation to different agroclimatic 
conditions. Several authors have reported about the diversity of 
important traits of locally grown plant material as a large potential 
for breeding purposes (Baghalian et al., 2006; Shaaf et al., 2014; 
Wang et al., 2014). It was found that some local genotypes could 
have superior traits compared to imported cultivars (Avgeri et 
al., 2020). Major et al. (2018) found local shallot accessions with 
higher AOC and diverse phenolic profile compared to particular 
commercial cultivars. The research carried out by Fernandes et al. 
(2020) showed that local Spanish onions had different quantitative 
and qualitative composition of volatiles. The Istrian garlic ecotypes 
in our study have shown high variability in the content of volatiles, 
TPC, AOC and DM, and were different from the commercial 
cultivar 'Music'. 
Conclusion
Garlic accessions collected from Istria have shown variability 
in the content of volatiles, TPC, AOC and DM. The lack of 
conventional breeding methods renders the improvement of 
garlic economically important traits difficult. Studied accessions 
can be used further in breeding programs for selection of cultivars 
with higher content of secondary metabolites. This is the first 
study on the characterization of Istrian garlic ecotypes based 
on phytochemical content. Further investigation is warranted to 
evaluate the collected accessions under the same agro-climatic 
conditions.
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